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ABSTRACT
The increasing number of synoptic surveys made by small robotic telescopes, such as the
photometric Catalina Real-Time Transient Survey (CRTS), represents a unique opportunity for
the discovery of variable sources and improves the statistical samples of such classes of objects.
Our goal is the discovery of magnetic Cataclysmic Variables (mCVs). These are rare objects,
which probe interesting accretion scenarios controlled by the white dwarf magnetic field. In par-
ticular, improved statistics of mCVs would help to address open questions on their formation
and evolution. We performed an optical spectroscopy survey to search for signatures of magnetic
accretion in 45 variable objects selected mostly from the CRTS. In this sample we found 32 CVs,
22 being mCV candidates from which 13 are previously unreported as such. If the proposed clas-
sifications are confirmed, it would represent an increase of 4% in the number of known polars and
12% in the number of known IPs. A fraction of our initial sample was classified as extragalactic
sources or other types of variable stars by the inspection of the identification spectra. Despite
the inherent complexity in identifying a source as a mCV, variability-based selection followed by
spectroscopic snapshot observations has proved to be an efficient strategy for their discoveries,
being a relatively inexpensive approach in terms of telescope time.
Subject headings: binaries: close — novae, cataclysmic variables — stars: dwarf novae — stars: variables:
general — techniques: spectroscopic 1
1. INTRODUCTION
Cataclysmic Variable stars (CVs) are binary
systems consisting of a white dwarf accreting mass
from a less massive main sequence or a slightly
evolved companion star via Roche lobe overflow
(e.g., Warner 1995). For most systems, the sec-
ondary is a non-degenerate object, so the mass
transfer leads to a decrease in the orbital period
and demands a loss of orbital angular momentum
that is usually attributed to two complementary
mechanisms: magnetic braking of the secondary
star, important in longer orbital period systems,
and gravitational radiation losses that dominates
in shorter period systems, in which the former
mechanism is less efficient. See Knigge et al.
(2011) for a nice review of CV evolution. Most
commonly, the accretion proceeds via an extended
accretion disk that surrounds the accreting white
dwarf. The disk is usually the dominant source
of radiation in the binary system during periods
of high accretion. The accretion disk may suffer
recurrent episodes of instability known as Dwarf
Nova (DN) outbursts, which increase the luminos-
ity of the system by 2−6 magnitudes in timescales
as short as a day.
If the white dwarf has a strong enough mag-
netic field, however, the transferred ionized mate-
rial connects to the magnetic field lines and ac-
cretes directly to the white dwarf surface, close to
the magnetic poles, via an accretion column in-
stead of a disk. These systems are known as mag-
netic Cataclysmic Variables (mCVs) and can be
classified either as polars, whose magnetic fields
are intense (B ∼ 7− 230 MG), or as intermediate
polars (IPs), in which B ∼ 1 − 10 MG. The dis-
tinctive characteristic of the polars is the synchro-
nization of the white-dwarf spin and the orbital
period, caused by magnetic locking of the primary
and secondary stars (see Cropper 1990, for a re-
view on polars). Matter falling through the ac-
cretion column emits cyclotron radiation, which
is highly polarized, anisotropic and dominates the
optical and infrared emission. Intermediate po-
lars, on the other hand, are not synchronized sys-
tems, and the distinct spin, beat and orbital pe-
riods manifest in optical and X-rays. IPs usually
present an accretion disk, truncated in its inner
region by the magnetosphere of the white dwarf.
A large number of CV systems has been dis-
covered by surveys based on color selection, such
as those identified through SDSS data (e.g.,
Szkody et al. 2011; York et al. 2000). Surveys
based on variability are also prolific in finding new
CVs and in the near future, the Large Synoptic
Survey Telescope - LSST - is expected to strongly
impact the statistics of CVs. One of these vari-
ability surveys is the Catalina Real-Time Tran-
sient Survey - CRTS (Drake et al. 2009, 2014).
CRTS combines three distinct surveys - the Mount
Lemmon Survey (MLS) and the Catalina Schmidt
Survey (CSS) in the Northern Hemisphere and the
Siding Spring Survey (SSS) in the South - cover-
ing an area of 30,000 deg2 with a typical cadence
of two weeks, reaching a depth of 19-21 magni-
tudes. The CRTS has already found thousands of
CV candidates, which are rapidly announced via
their website 1 and are subject to follow-up inves-
tigations (e.g., Coppejans et al. 2014; Drake et al.
2014; Breedt et al. 2014; Thorstensen & Skinner
2012; Coppejans et al. 2016). As the prime cri-
terion for the CRTS detecting transients is the
brightening by 2 or more magnitudes, it turns out
to be very effective in discovering non-magnetic
CVs, as the follow-up works mentioned above have
shown. Other variability surveys that found new
CVs are the All Sky Automated Survey (ASAS;
Pojmanski 2002), the Palomar Transient Factory
(PTF; Margon et al. 2014; Levitan et al. 2015)
and the Optical Gravitational Lensing Experi-
ment (OGLE; e.g. Mro´z et al. 2013).
The primary goal of this paper is to increase
the number of known mCVs systems, which is
justified below. These systems are relevant for
studying and understanding the physics of mag-
netically controlled accretion. This phenomenon
is widespread in astronomy, from stellar forma-
tion processes to accretion on compact objects.
But mCVs are relatively simple objects in which
the magnetic accretion is observed practically free
of other effects allowing a precise description of
the process. The short-term variability of mCVs,
spanning from minutes to hours, enables us to
disentangle the system geometry with a relatively
small set of observations. An important aspect
of CV research that can be addressed by an im-
proved statistics of members is the evolution of
mCVs, specially the relationship between IPs and
1http://crts.caltech.edu
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polars (e.g. Ferrario et al. 2015; Pretorius et al.
2013). For instance, it is not known if the surface
magnetic field changes along the mCV evolution.
mCVs, IPs in particular, are rare objects and
the incompleteness and biases of the present sam-
ples are not clear. To determine the frequency
distribution of properties as orbital period and
primary magnetic field, it is necessary to study in-
dividual systems using time-resolved observations
and proper modeling (e.g., Costa & Rodrigues
2009; Silva et al. 2015). Polarimetry is partic-
ularly insightful for this, since cyclotron emis-
sion is a direct evidence of magnetic fields (e.g.,
Rodrigues et al. 2006). In particular, our group
is building a fast-camera tailored to CVs studies
that will perform simultaneous photometry and
polarimetry in 4 broad bands (Rodrigues et al.
2012). The 3D modeling of the geometry of the
magnetic accretion is an important tool to a realis-
tic representation of mCVs. This kind of analysis
can be performed using the Cyclops code, devel-
oped by us to study stellar magnetic accretion
(Costa & Rodrigues 2009; Silva et al. 2013).
Here we address the selection of mCVs candi-
dates for follow-up studies. This paper should be
understood as a first step in a broader and on-
going study of mCVs. We performed snapshot
spectroscopy of a sample of selected objects. The
most promising or peculiar objects will be subject
of follow-up time-resolved observations to confirm
and/or characterize the systems. Using this strat-
egy, we optimize the use of telescope time.
This paper is organized as follows. Section 2
presents the general rules for the sample selection.
Section 3 describes the spectroscopic observations.
In Section 4 we present the methods for the time
series analysis of the CRTS photometric data. Sec-
tion 5 describes the criteria applied for the clas-
sification of the individual objects of the sample.
The spectroscopic results and proposed classifica-
tion for each object are shown in Section 6. A
summary and discussion of the main results are in
Section 7.
2. SAMPLE SELECTION
In this section we describe the criteria employed
to select the final sample of 45 variable objects.
We then obtained exploratory spectra (Sec. 3)
aiming to identify spectral features that could be
signatures of high-ionization mass accretion, typi-
cal of mCVs (see Sec. 5).
Our sample is mainly composed by CRTS ob-
jects. We also included in the sample mCV can-
didates mentioned in the literature that have no
published spectroscopic measurements. Previous
reports of X-ray detections via VSNET2 and ATel3
alerts were also considered. The classification of
CVs in general and mCVs in particular can be
a difficult task and may demand different obser-
vational techniques (as discussed in Sec. 5). This
justifies the inclusion of already known mCVs can-
didates in our sample. Besides, the objects should
have suitable apparent magnitudes and positions
in the sky for SOAR and OPD observations. No
color criterion was applied to define the sample.
The selection of the CRTS objects was done by
visual inspection of the light curves with at least
one of the following characteristics:
i. Intrinsic flux variability, which may indi-
cate accretion processes. The flux dispersion
should be larger than the observational error
expected for the mean magnitude;
ii. Transitions between two states of brightness,
as seen in polars;
iii. No or few outbursts, in order to minimize
dwarf nova detections, although we cannot
simply exclude objects with outbursts, since
IPs can present such events.
3. SPECTROSCOPIC OBSERVATIONS
AND DATA REDUCTION
The identification spectra were obtained using
the SOAR 4.1-m telescope at Cerro Pacho´n, Chile,
and the Perkin-Elmer 1.6-m telescope at Obser-
vato´rio do Pico dos Dias (OPD-LNA/MCTI), lo-
cated in Southeast Brazil. The RA ordered list of
observed objects is shown in Table 1. The identifi-
cation of the objects from the CRTS is in the form
TTTyymmdd:hhmmss±ddmmss, where TTT in-
dicates one of the three dedicated telescopes of the
survey – CSS, SSS or MLS – yymmdd is the dis-
covery date of the transient and hhmmss±ddmmss
2http://ooruri.kusastro.kyoto-
u.ac.jp/mailman/listinfo/vsnet-alert
3http://www.astronomerstelegram.org/
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are the target coordinates. In order to avoid con-
fusion between transients discovered by the same
telescope at the same date, and for simplicity, we
will abbreviate these IDs as TTThhmm±dd.
The SOAR Telescope was operated in ser-
vice mode and the spectra were obtained using
the Goodman High Throughput Spectrograph
(Clemens et al. 2004), which employs Volume
Phase Holographic (VPH) gratings to maximize
throughput, reaching down to the atmospheric
cutoff at 3200 A˚. It is equipped with a Fairchild
4096×4096 CCD with 15×15 micron pixel−1 (0.15
′′ pixel−1). The spectrograph was set to oper-
ate with the 600 l mm−1 grating, 1.68′′ slit, and
GG 385 blocking filter, yielding a spectral reso-
lution of 7 A˚ FWHM in the range 4350 − 7005
A˚. Three exposures of each science target were
obtained to remove cosmic rays. Cu-He-Ar lamp
exposures were obtained for wavelength calibra-
tion, which resulted in typical 0.8 A˚, or about 45
km s−1, RMS residuals. The [O I] 5577, 6300
and 6363 A˚ telluric lines were used to assess the
calibration accuracy. The slit was aligned to the
parallactic angle to avoid light losses due to the
atmospheric differential refraction. Bias images
and quartz lamp calibration flats were taken to
correct for the detector read-out noise and sen-
sitivity. Spectra of spectrophotometric standards
(Hamuy et al. 1992) were used for flux calibration.
The OPD-LNA observations were carried out
using a Boller & Chivens Cassegrain spectrograph
on March and September, 2012. A 300 l mm−1
grating, blazed at 6400 A˚, was used in these
two observing runs, providing a spectral cover-
age in the range 4100 − 8530 A˚. The slit aper-
ture was set to 2.50′′ in March and 2.00′′ in
September, giving a spectral resolution of 7 A˚
and 6 A˚ (FWHM), respectively. Two different
thin, back-illuminated CCD detectors were used:
an iKon-L936-BV (March) and an iKon-L936-BR-
DD (September), both with 2048×2048 pixels and
13.5×13.5 micron pixel−1. In the March run, a
GG 385 blocking filter was used, while in Septem-
ber no filter was necessary. All targets were ob-
served with integration times of 600 or 900 s. Mul-
tiple exposures (normally 2 or 3) were taken aim-
ing to improve the S/N ratio and to minimize ef-
fects of cosmic rays in the images. He-Ar com-
parison lamp exposures were obtained after each
target observation for wavelength calibration. For
flux calibration, we observed the spectrophotomet-
ric standard stars HR 3454 and HR 9087 from
Hamuy et al. (1992). In all nights, images of dome
flats and bias were also obtained.
The data reduction, spectra extraction and
wavelength, extinction and flux calibrations were
performed using standard IRAF4 routines.
4. TIME SERIES ANALYSIS OF CRTS
DATA
We performed time series analyses of the CRTS
photometric data for all Galactic objects to search
for periodic signals. The sampling of the CRTS
light curves has a typical minimum separation be-
tween measurements of ∆t = 0.01 days. This
means that if the time series was equally spaced
with this sampling, the Nyquist frequency would
be FNy = 1/ 2∆t = 50 d
−1. The total span of
the observations is ≈3000 d, which implies (again
for equally spaced sampling) a frequency step ∆F
= 1/T = 3.3 × 10−4 d−1. The number of fre-
quencies to be examined for coherent signals is
N = FNy/∆F ≈ 1.5 × 10
5. We choose to ex-
amine a grid of N = 106 frequencies giving some
slack to allow for possible effects coming from the
nonuniform sampling of the time series data. We
are aware that sparse data, as CRTS data, can
produce complex structure in the power spectrum
due to lateral lobes and aliasing. However, the
periods quoted in this article have always a false
alarm probability (FAP) less than 0.01 (=1%) -
see below how it is quantified.
We used the Discrete Fourier Transform (DFT,
Deeming 1975; Lomb 1976), the Lomb-Scargle
(LS, Lomb 1976; Scargle 1982) including its
Bayesian formalism implementation (BGLS, Mortier et al.
2015), the String-Length (SL, Dworetsky 1983;
Clarke 2002) and the Phase Dispersion Minimiza-
tion (PDM, Stellingwerf 1978) methods for signal
search, depending on the characteristics of each
light curve. These tools can be classified in two
groups, those of the DFT family (DFT, LS, BGLS)
based on Fourier transform and those based on
phase diagram methods (SL, PDM), which have
the advantage of being sensitive even for highly
4IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of
Universities for Research in Astronomy, Inc., under coop-
erative agreement with the National Science Foundation.
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Table 1
List of observed targets.
Object name Abbreviation RA (J2000) Dec (J2000) Date obs. Telesc. Exp. time (s) Typea
CSS091009:010412-031341 CSS0104-03 01:04:12 -03:13:41 2012 Aug 25 SOAR 3600 D/IP
CSS091215:021311+002153 CSS0213+00 02:13:11 +00:21:53 2012 Sep 09 SOAR 8100 E
MLS110213:022733+130617 MLS0227+13 02:27:33 +13:06:17 2012 Sep 09 SOAR 3600 P
CSS071206:031525-014051 CSS0315-01 03:15:25 -01:40:51 2012 Nov 13 SOAR 8100 E
CSS090922:032603+252534 CSS0326+25 03:26:03 +25:25:34 2012 Nov 20 SOAR 3600 D
CSS091109:035759+102943 CSS0357+10 03:57:59 +10:29:43 2012 Nov 12 SOAR 8100 P
MLS101203:045625+182634 MLS0456+18 04:56:25 +18:26:34 2012 Nov 13 SOAR 8100 P
XMMSL1 J063045.9-603110 XMM0630-60 06:30:45 -60:31:13 2012 Nov 12 SOAR 8100 N
MLS101226:072033+172437 MLS0720+17 07:20:33 +17:24:37 2012 Nov 12 SOAR 1440 P
1RXS J072103.3-055854 1RXS0721-05 07:21:03 -05:59:20 2012 May 01 SOAR 1440 HA
MLS120127:085402+133633 MLS0854+13 08:54:02 +13:36:33 2012 Dec 15 SOAR 8100 P
1RXS J100211.4-192534 1RXS1002-19 10:02:11 -19:25:36 2012 May 30 SOAR 360 P
CSS120324:101217-182411 CSS1012-18 10:12:17 -18:24:11 2012 May 30 SOAR 3600 D/IP
SSS110504:101240-325831 SSS1012-32 10:12:40 -32:58:31 2012 Apr 21 SOAR 3600 D
CSS110225:112749-054234 CSS1127-05 11:27:49 -05:42:34 2012 Mar 18 SOAR 1440 P
CSS071218:124027-150558 CSS1240-15 12:40:27 -15:05:58 2012 Mar 17 SOAR 3600 E
MLS110329:125118-020208 MLS1251-02 12:51:18 -02:02:08 2012 Apr 23 SOAR 8100 E
SSS110724:135915-391452 SSS1359-39 13:59:15 -39:14:52 2012 Apr 22 SOAR 1440 D/IP
MLS110301:140203-090329 MLS1402-09 14:02:03 -09:03:29 2012 Apr 23 SOAR 8100 E
MLS100617:140447-152226 MLS1404-15 14:04:47 -15:22:26 2012 Mar 17 SOAR 3600 E
SSS100507:144833-401052 SSS1448-40 14:48:33 -40:10:52 2012 Mar 26 OPD 1800 PRG
CSS100216:150354-220711 CSS1503-22 15:03:54 -22:07:11 2012 Mar 16 SOAR 3600 P
MLS110526:151937-130602 MLS1519-13 15:19:37 -13:06:02 2012 Mar 18 SOAR 3600 RRL
MLS110609:160907-104013 MLS1609-10 16:09:07 -10:40:13 2012 Apr 22 SOAR 3600 P
CSS080606:162322+121334 CSS1623+12 16:23:22 +12:13:34 2012 Apr 22 SOAR 8100 D
SSS100804:163911-235804 SSS1639-23 16:39:11 -23:58:04 2012 Sep 03-04 OPD 2700 PRG
CSS110623:173517+154708 CSS1735+15 17:35:17 +15:47:08 2012 Apr 23 SOAR 1440 D
1RXS J174320.1-042953 1RXS1743-04 17:43:20 -04:29:57 2012 Mar 16 SOAR 720 P
1RXS J192926.6+202038 1RXS1929+20 19:29:28 +20:20:35 2012 Apr 23 SOAR 1440 D
SSS110625:194030-633056 SSS1940-63 19:40:30 -63:30:56 2012 Sep 03 OPD 2700 PRG
SSS100805:194428-420209 SSS1944-42 19:44:28 -42:02:09 2012 Apr 22 SOAR 3600 P
SSS110526:195648-603430 SSS1956-60 19:56:48 -60:34:30 2012 Apr 21 SOAR 720 P
USNO-A2.0 0825-18396733 USNO0825-18 20:31:38 -00:05:11 2012 May 20-Jun 25 SOAR 3600 P
SSS110526:204247-604523 SSS2042-60 20:42:47 -60:45:23 2012 Aug 10 SOAR 3600 HA
MLS100706:204358-194257 MLS2043-19 20:43:58 -19:42:57 2012 Aug 10 SOAR 540 D/IP
MLS111021:204455-162230 MLS2044-16 20:44:55 -16:22:30 2012 Sep 03 OPD 2700 RRL
MLS101102:205408-194027 MLS2054-19 20:54:08 -19:40:27 2012 Aug 10 SOAR 1800 D/IP
CTCV J2056-3014 CTCV2056-30 20:56:52 -30:14:38 2012 Sep 04 OPD 2700 D/IP
CSS110513:210846-035031 CSS2108-03 21:08:46 -03:50:31 2012 May 20-Jun 25 SOAR 3600 D
MLS100620:213227-150523 MLS2132-15 21:32:27 -15:05:23 2012 Aug 10 SOAR 900 RRL
CSS100624:220031+033431 CSS2200+03 22:00:31 +03:34:31 2012 Aug 14 SOAR 3600 D/IP
1RXS J222335.6+074515 1RXS2223+07 22:23:34 +07:45:19 2012 Aug 25 SOAR 8100 D
MLS100906:223034-042347 MLS2230-04 22:30:34 -04:23:47 2012 Aug 25 SOAR 1440 E
SSS110720:224200-662512 SSS2242-66 22:42:00 -66:25:12 2012 Sep 03-04 OPD 2700 D/IP
CSS111021:231909+331540 CSS2319+33 23:19:09 +33:15:40 2012 Sep 04 OPD 2700 D/IP
aP: polar candidate, D: disk system, D/IP: IP candidate, HA: system with high-state accretion disk, N: Nova, RRL: RR Lyrae star, PRG:
Mira or low-amplitude Pulsating Red Giants star, E: extragalactic source.
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non-sinusoidal signals, as in the case of eclipsing
binaries or pulsating stars.
An assessment of the FAP of detecting a signal
due to statistical fluctuations of the power spec-
trum follows Scargle (1982, section III.c). The
level of Lomb power z0 correspondent to a false
alarm probability p0 is
z0 = − log
[
1− (1− p0)
1/Nf
]
, (1)
where Nf is the number of independent frequen-
cies in the Lomb spectrum. For unequally spaced
data, Nf is not well defined, but overestimating
it increases z0, that is, makes the correspondent
power level higher. We surely are overestimating
this value, since with Nf = 1 × 10
6, the Lomb
spectrum is finely sampled.
The uncertainty in period for the detected
peaks in the Lomb spectrum, σP , follows the
derivation of Kovacs (1981) and is very similar
to an expression in Horne & Baliunas (1986),
σP =
1
2pi
√
24
N
P 2
T
σ
R
, (2)
where R is the semi-amplitude of the signal, σ2 is
the variance of the noise around the signal, T is
the span of the light curve and N is the number
of points in it.
The relevant results are presented for each ob-
ject in Section 6.
5. OBSERVATIONAL CHARACTERIS-
TICS OF MAGNETIC CVS
In this section, we describe the criteria used to
classify an object as a mCV candidate. They are
broadly consistent with previous studies in the
field (e.g., Szkody et al. 2002, 2003, 2004, 2005,
2006, 2007, 2009, 2011, 2014; Thorstensen & Skinner
2012; Thorstensen et al. 2016; Breedt et al. 2014;
Woudt et al. 2012; Coppejans et al. 2014).
Our spectra, shown in Figure 1, allow us to dif-
ferentiate CVs (Sects. 6.1 to 6.4) from stellar ob-
jects without accretion because of the lack of emis-
sion lines in the latter. Moreover, active galactic
nuclei sources (Sec. 6.5) are also easily differenti-
ated from CVs because of the redshifted, broad
permitted lines. On the other hand, the distinc-
tion between magnetic and non-magnetic CVs is
much more challenging. Hence this section con-
centrates on the observed characteristics of mCVs.
Usually, the confirmation of magnetic accretion,
and therefore the classification as a mCV, can-
not be achieved with a single observational tech-
nique. The two kinds of observations that defini-
tively confirm the presence of a magnetic white
dwarf are the detection of polarized emission or
Zeeman-splitting of spectral lines. But these ob-
servations are very time-consuming, particularly
for IP systems in which these signals are barely
discernible due to the masking caused by the con-
tribution of the disk emission. Hence, to maxi-
mize the efficiency of finding mCVs in this work,
we performed exploratory spectroscopy of selected
objects. The spectral features and other proper-
ties of the objects are then analyzed in order to
verify if they remain as mCV candidates. The
characteristics used to this classification are dis-
cussed below. In many cases, a final classification
as mCV can only be achieved with complementary
observations, which are beyond the scope of this
paper.
The mCV spectra typically do not show con-
spicuous contribution from the stellar compo-
nents of the system: the continuum is usually
flat or blue. When in low state, the optical spec-
trum of polars may show cyclotron humps (e.g.,
Thomas et al. 2012), which are not observed in
IPs.
The most conspicuous spectral signature of ac-
cretion is the presence of emission lines, mainly of
hydrogen Balmer series. However, this is a nec-
essary but not sufficient criterion for mCVs clas-
sification. Magnetic CVs usually present high-
ionization lines of He II and the C III/N III blend
at 4650 A˚ originated in the accretion column, al-
though these features may be present in novalike
and dwarf nova systems as well (Warner 1995).
Specifically, the equivalent width of the hydrogen
Balmer and He II 4686A˚ lines were proposed as
criteria for the classification of magnetic CVs. Ac-
cording to Silber (1992) – as cited by Mukai’s In-
termediate Polars Homepage5 – IPs are character-
ized by Hβ equivalent width larger than 20A˚ and
He II 4686A˚/Hβ larger than 0.4. However, as it
will be shown, these quantities should be under-
5http://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.
html
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stood as suggestive of magnetic accretion, but not
a sine qua non condition.
The line profiles are also useful to the object
classification. Polars present narrow spectral lines,
due to the absence of an accretion disk. Although
low inclination non-magnetic CVs can also display
narrow emission lines, polar lines are generally
asymmetric, because they are composed of distinct
components originated from different parts of the
accretion flow and from the illuminated secondary
face. IPs, however, can present line profiles very
similar to those of non-magnetic CVs, with large
widths and double peaks.
We have searched for high-energy counterparts
because magnetic CVs are frequently detected in
X-ray surveys. In fact, a large number of mag-
netic CVs have been discovered by X-ray all-sky
surveys, as ROSAT (e.g., Beuermann & Thomas
1993). Magnetic CVs have higher X-ray to optical
flux ratios than dwarf novae in quiescence (e.g.,
Beuermann & Thomas 1993; Fertig et al. 2011;
Szkody et al. 2011). This information and the
hardness ratios, for objects having ROSAT coun-
terparts, were used to provide a hint on whether
an object might be a mCV (e.g., Hu¨mmerich et al.
2014). However, some confirmed mCVs are not
bright enough to be detected by the ROSAT sur-
vey (e.g., Silva et al. 2015; Margon et al. 2014).
Figure 2 of Beuermann & Thomas (1993) shows
that polars with the lowest X-ray to optical flux
ratio can be missed by ROSAT if they have V >
19 mag. The limit for IPs is even more restrictive:
V > 17 mag.
From a photometric point of view, polars al-
ternate high and low brightness states in optical
and X-rays with drops of 1− 3 magnitudes, prob-
ably associated to variations in the mass-transfer
rate. They do not present outbursts, unlike some
IPs. In short time-scales, mCV’s fluxes vary pe-
riodically with the WD spin. The modulation of
polars can have an amplitude as high as 1-2 magni-
tudes and their periods are around hours because
the WD spin is synchronized with the orbital rev-
olution. IPs have smaller amplitudes (tenths of
magnitudes) and smaller periods (minutes). We
searched for periodic variability in all stellar ob-
jects, as described in Sec. 4. However, the shape
of the light curves vary from cycle to cycle due
to flickering, which can hamper the discovery of
periodic variability in long-term and sparse pho-
tometric data, as CRTS.
The summary of the above discussion is that
polars are more easily identified in our sample
than IPs, because polars lack an accretion disk
in such way that the accretion column dominates
their emission. In contrast, IPs have a large contri-
bution from the disk, which makes them observa-
tionally similar to non-magnetic CVs. Moreover,
the X-ray emission and high-ionization emission
lines are not exclusive properties of mCVs while,
on the other hand, some mCVs are not detected in
X-rays (e.g., Silva et al. 2015; Margon et al. 2014).
Therefore, these observables were considered in
the proposed classification of each object, but they
are not definite criteria.
6. CLASSIFICATION RESULTS
6.1. Polar Candidates
This section comprises the polar candidates, or
diskless accretors. The other mCVs - IP candi-
dates - are placed in the next section together with
other disk-accretion systems. Table 2 presents the
FWHM and the equivalent width of the Balmer
and He II 4686 A˚ lines of the objects classified as
CVs in this work.
6.1.1. MLS0227+13 (MLS110213:022733+130617)
Its CRTS light curve ranges from 16.5 to 19.5
mag on timescales of days. The spectrum is typi-
cal of polars with Hβ more intense than Hα. The
He II 4686 A˚ emission line is as intense as Hβ (Ta-
ble 2) and the high-ionization Bowen C III/N III is
also present. In our follow-up observational study,
Silva et al. (2015) confirmed MLS0227+13 as an
eclipsing polar with an orbital period of 3.787 h,
using polarimetric, photometric and spectroscopic
data. The system has no X-ray counterpart, which
can be explained by its large distance from us
(Silva et al. 2015).
6.1.2. CSS0357+10 (CSS091109:035759+102943)
CSS0357+10 was detected as a transient by
CRTS on 2009 November 9. The V magnitudes are
highly variable, spanning from 16.5 to 21 mag in
short timescales. Schwope & Thinius (2012) per-
formed a time-resolved photometric study of this
target and found a periodicity of 114 min with
0.8 mag amplitude, interpreted as the orbital pe-
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riod of a non-eclipsing polar candidate. Recently,
Thorstensen et al. (2016) obtained spectroscopic
time series of this source and corroborated the 114
min orbital period. This object is also detected in
X-rays (ROSAT, XMM-Newton), presenting large
variability (Schwope & Thinius 2012).
The identification spectrum is dominated by in-
tense Balmer and He II 4686 A˚ lines. It also
presents He I and weak He II 5411 A˚, Bowen
C III/N III complex and Fe II 5170 A˚ emissions.
The Balmer and He II 4686 A˚ lines are asymmet-
ric, with extended red wings, and Hβ is more in-
tense than Hα (Table 2), confirming the polar clas-
sification.
6.1.3. MLS0456+18 (MLS101203:045625+182634)
This object was detected as a variable star on
2013 December 10 by the CRTS. Its light curve
spans from 18.5 to 21.5 mag, reaching 1 mag vari-
ation amplitude in timescales of hours. Narrow
Balmer emission lines dominate the identification
spectrum, which also presents He I and He II 4686
A˚ lines. The latter line consists of a broad com-
ponent (EW= 18 A˚) superimposed on a very nar-
row central emission (EW= 1 A˚). The composite
line profile, the EW of Hβ, and the ratio between
He II 4686 A˚ and Hβ (Table 2) suggest a mCV
classification. The continuum shows humps that
may be associated to cyclotron harmonics. This
property and the absence of an X-ray counterpart
are consistent with a low accretion-rate polar or a
pre-polar system (e.g., Schmidt et al. 2005). The
power spectrum of the CRTS data has its high-
est peak at 0.09851004 d (2.36 h), which has a
FAP smaller than 0.0001 (=0.01%). The formal
error of this period is 1.3 × 10−7 d (see Section
4). The corresponding phase diagram (Figure 2) is
compatible with the light curve of a polar system.
This period places MLS0456+18 inside the period
gap of CVs. As several objects in this work, a
definite classification demands more observations.
6.1.4. MLS0720+17 (MLS101226:072033+172437)
The CRTS light curve of MLS0720+17 presents
0.5 mag amplitude variability around 18.5 mag,
occasionally dropping to 20-21 mag, possible dur-
ing eclipse events (Drake et al. 2014). The Good-
man identification spectrum is typical of polars,
with Balmer, He II 4686 A˚, C III/N III and He I
narrow emission lines superimposed on a contin-
uum with a blue slope. The He I line profiles
are asymmetric with extended blue wings in this
spectrum. No X-ray source was found near its
coordinates. The time series analysis applied to
the CRTS data does not show any periodic signal
that could explain the excursions to lower fluxes.
Hardy et al. (2016) have recently presented a light
curve spanning approximately 1h. It shows a mod-
ulation that the authors interpret as an eclipse.
We consider it can arise from cyclotron emission,
as usually seen in polars. Moreover, the narrow
spectral lines are inconsistent with an eclipsing
system having a disk.
6.1.5. MLS0854+13 (MLS120127:085402+133633)
This target matches a blue stellar counterpart
in the SDSS, with u = 20.18, g = 20.58, r = 20.43,
i = 20.28, and z = 20.06 in DR8. It presents two
brightness levels with averages 19.7 and 21.5 mag
in the CRTS data. It is associated with the X-ray
source 1WGA J0854.0+1336 in the WGA Cata-
log of ROSAT Point Sources6. This object is also
classified as BOSS J085402.10+133632.8, a z=2
QSO in the MILLIQUAS Catalog V4.77, with no
SDSS spectrum available. However, our spectrum
is completely consistent with a Galactic object,
being similar to the spectrum of a polar in low ac-
cretion state, with cyclotron humps and emission
lines of He II 4686 A˚, Hβ and Hα on a blue contin-
uum. No periodic signal was found in the CRTS
time series analysis.
6.1.6. 1RXS1002-19 (1RXS J100211.4-192534)
This source was discovered by ROSAT (Beuermann & Thomas
1993) and classified as a polar with an X-ray or-
bital period of 106 min (Beuermann & Schwope
1994). 1RXS1002-19 was observed with XMM-
Newton (Ramsay & Cropper 2003) and the re-
sulting X-ray light curve suggests that the source
of radiation is located in one hemisphere of the
WD, while modeling of the X-ray spectrum yields
a WD mass close to 0.5 M⊙.
Our optical spectrum of 1RXS1002-19, the first
for this source, has a strong blue continuum. The
He II 4686 A˚ line is more intense than Hβ, which in
6http://heasarc.gsfc.nasa.gov/wgacat/
7http://heasarc.gsfc.nasa.gov/w3browse/all/
milliquas.html
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turn is more intense than Hα (Table 2). He I fea-
tures are also present in emission. The FWHM of
the Hβ and He II 4686 A˚ lines are around 2000 km
s−1 (Table 2), which is unusual for a polar. The
equivalent width of the Hβ emission is 11 A˚,
smaller than the value of 20 A˚ from the Silber’s
criterion (Silber 1992) for a magnetic CV classi-
fication. Our spectrum converts to V = 18 mag.
This locates the object in the polar systems region
of X-ray count rate versus optical mag diagram,
according to Figure 2 of Beuermann & Thomas
(1993).
6.1.7. CSS1127-05 (CSS110225:112749-054234
= SSS120624:112749-054236)
CSS1127-05 has a blue point source counter-
part in the SDSS, with u = 20.00, g = 20.12, r =
20.09, i = 20.28 and z = 20.15 in DR8. The CRTS
light curve clearly shows two distinct brightness
states with average magnitudes of 18.5 and 20.5.
The exploratory spectrum has high signal to noise
ratio, displaying strong and narrow Balmer lines in
emission on a flat continuum, besides less intense
He II 4686 A˚ and He I. Hβ is more intense than
Hα. The Hα EW (204 A˚) is the largest among the
objects we classify as CV (Table 2). In spite of
the low ratio between He II 4686 A˚ and Hβ (0.16),
considering the Silber’s criterion (Silber 1992), we
suggest it is a polar due to the presence of high and
low-brightness states. However, we do not discard
a possible IP classification since these objects may
also present low states, although less commonly.
No significant periodicity was found in the CRTS
data. The system has no X-ray counterpart.
6.1.8. CSS1503-22 (CSS100216:150354-220711
= SSS100512:150354-220710)
The light curve of CSS1503-22 presents two al-
ternating brightness states at average magnitudes
19.5 and 17.5, both states with dispersion of 1 to
1.5 mag. Woudt et al. (2012) performed photo-
metric monitoring of CSS1503-22 in March and
April 2010 on five runs summing up 15 h of obser-
vations when it was at high state. They found a
period of 133.38 min and, from its photometric be-
havior and the detection as a Swift X-ray source,
they suggested it to be a polar. The flux of our
SOAR spectrum corresponds to 19.7 mag, which
is consistent with the CRTS low state. The spec-
trum presents absorption features from 4500 to
6000 A˚, which we interpret as from the stellar com-
ponents. Some absorptions occur at typical wave-
lengths of TiO bands from a M2 – M5 secondary
star (see, for instance, Mennickent et al. 2002 and
Gray & Corbally 2009). The absorptions near
Hβ and to the blue of Hα are probably due to
Zeeman splitting in the photosphere of the white
dwarf. See, for instance, the SDSS J214930.74-
072812.0 spectrum and the superimposed model
atmosphere with B = 44.7 MG presented in
Ku¨lebi et al. (2009). The spectrum also displays
narrow Balmer lines, possibly with blue wings,
and Hβ being half the intensity of Hα (Table 2).
The He I 5876 A˚ line is also present. The Zee-
man absorptions hamper the detection of possible
He II 4686 A˚ or Bowen complex emissions. The
EW of Hβ is 16 A˚, slightly smaller than the value
of 20 A˚ from the Silber’s criteria (Silber 1992), but
the accuracy of the measured EW can be affected
by the cited absorptions.
6.1.9. MLS1609-10 (MLS110609:160907-104013)
The CRTS light curve of this object has mea-
surements scattered from 16.8 to 20.5 mag. The
exploratory spectrum presents intense and narrow
Balmer lines in emission. These lines are slightly
asymmetrical, presenting extended red wings. Hβ
is more intense than Hα, while He II 4686 A˚ is
almost as intense as Hβ (Table 2). The Bowen
complex at 4630-4650 A˚ is clearly visible. The
spectrum shown in Figure 1 is the average of three
consecutive spectra, obtained with 20 min inter-
vals. They show a remarkable variability in the
continuum, hence they are individually presented
in Figure 3. We performed a 3.6 h span photo-
metric time-series of this source on 2014 April 28,
using the 1.6 m P&E telescope at OPD and the
Andor iKon-L936BV camera, obtaining 39 images
with 240 s exposure time through the V filter. The
differential photometry was converted to V mag-
nitude using as reference the star NOMAD1 0793-
0295201, with mv = 16.51 (Zacharias et al. 2004).
The OPD lightcurve is consistent with a po-
lar classification and shows a modulation with a
period around 0.077 d and 0.60±0.05 mag am-
plitude. In the search for periodic signals in the
CRTS data, the PDM method yielded a period
of P = 0.075439 ± 0.000001 d, compatible with
the OPD period. Figure 4 shows both OPD and
CRTS light curves folded with P = 0.075439 d and
12
epoch Tmin = 2 456 776.7108 HJD. The average
magnitude of the OPD data is V=21.3, therefore
the source was caught in a very low state, whereas
the individual spectra correspond to 17.8 and 19
V mag. The system has no X-ray counterpart.
6.1.10. 1RXS1743-04 (1RXS J174320.1-042953
= USNO-B1.0 0855-0326594)
This CV was discovered by Denisenko & Sokolovsky
(2011) among X-ray sources in the ROSAT cat-
alog. Denisenko & Martinelli (2012) performed
time-resolved photometry and suggested the tar-
get to be a polar or IP, based on the amplitude
(0.8 mag in white light) and shape of the light
curve. They determined an orbital period of 2.08
h.
Our exploratory spectrum is typical of polars,
with very intense He II 4686 A˚ and Hβ more in-
tense than Hα. The C III/N III complex is also
present and the continuum increases to the blue.
Our spectrum corresponds to V = 16.3 mag.
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Fig. 2.— CRTS light curve of MLS0456+18 folded
with the period of 0.09851004 d.
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6.1.11. SSS1944-42 (SSS100805:194428-420209)
The CRTS light curve of this object presents
two brightness levels separated by 2 mag and short
timescale variability. Coppejans et al. (2014) per-
formed photometric monitoring during the bright
state and classified it as a polar from its light
curve, which is modulated with a period of 1.53 h.
Our spectrum was obtained in the low-brightness
state (V ≈ 19 mag) and presents narrow, single
peaked Balmer, He I and He II 4686 A˚ emission
features over a blue continuum. The Balmer and
He II lines have extended red wings and Hβ is 35%
more intense than Hα (Table 2). The C III/N III
Bowen complex at 4640 A˚ and the lines of Fe II
5169 A˚ and He II 5412 A˚ are also visible. The
system has no X-ray counterpart.
6.1.12. SSS1956-60 (SSS110526:195648-603430)
This source presents many kinds of variability
in the CRTS light curve: long (years) and short
(one month) term variations between magnitudes
18 and 15, and 1 mag variations in timescales of
a few days. SSS1956-60 is classified as the no-
valike system CV V348 Pav (Downes et al. 2001)
and is also identified as V1956-6034, a polar candi-
date by its spectrum (Drissen et al. 1994). Our ex-
ploratory spectrum displays narrow Balmer, He I
and He II emission lines. The line of He II 4686 A˚
is almost as intense as Hβ, which in turn is more
intense than Hα (Table 2). Also present in the
spectrum are the lines of the Bowen complex, He II
4541 and 5412 A˚ and Fe II 5169 A˚. In the spectrum
obtained in 1992 by Drissen et al. (1994), the ratio
of the intensities Hβ/He II 4686 A˚ is 0.25, much
smaller than the value of 0.91 we measured in our
spectrum from 2012. An X-ray counterpart was
detected with 1.8 counts sec−1 total band count
rate at these coordinates by XMM-Newton in the
slew data mode, and was registered as XMMSL1
J195647.7-603425 in the XMM-Newton Slew Sur-
vey Clean Source Catalog (Saxton et al. 2008).
6.1.13. USNO0825-18 (USNO-A2.0 0825-18396733)
The discovery of this polar candidate is re-
ported by Kryachko et al. (2010). From the R
light curve, they obtained an orbital period of
0.0848 d (2.035 h), and their spectrum shows
He II 4686 A˚ almost as intense as Hβ and also
He I and the Bowen blend. Afanasiev et al. (2015)
performed polarimetric observations of this source
and found variable circular polarization reaching
−31%.
We obtained exploratory spectra of USNO0825-
18 in two occasions in 2012, 35 days apart. In the
second run, the flux in the blue was 6 times more
intense than in the first observation (Figure 1) and
the He II 4686 A˚ to Hβ intensity ratio increased
from 0.97 to 1.23 (Table 2).
6.2. Systems with Disks
In this section, we present the systems with ac-
cretion disks. Possible IPs are also included here.
6.2.1. CSS0104-03 (CSS091009:010412-031341)
This object was discovered and classified as
an eclipsing CV by CRTS on 2009 October 9 in
a single outburst when it reached V=17.2 mag.
CRTS data span from 2005 to 2015, during which
the object showed average V=19 mag and ∼ 1
mag variability in timescales of hours, with occa-
sional 21 mag excursions. Another outburst was
recorded by ASAS at 16.39 mag on 2013 August
27 (Ohshima 2013). Szkody et al. (2014) present
a spectrum with strong emission Balmer lines ob-
tained on 2013 September 3 and classify the ob-
ject as a dwarf nova, possibly eclipsing due to
the dispersion of the CRTS quiescent light curve.
This spectrum was taken in a state brighter than
the quiescent flux in the CRTS light curve. The
SDSS DR9 counterpart of CSS0104-03 presents
u = 19.2, g = 19.5, r = 19.1, i = 18.8 and z = 18.9.
Our Goodman spectrum shows narrow and sin-
gle peaked Balmer, He I and He II 4686 A˚ emission
lines, Hβ being 1.26 times more intense than Hα
(see Table 2). The continuum is flat with a slight
slope to the blue. The Balmer lines have extended
wings and are slightly asymmetrical. The average
continuum flux in our spectrum is a factor of 4
less intense than the continuum flux in the spec-
trum published by Szkody et al. (2014), in which
the line of He II 4686 A˚ is only marginally de-
tected. CSS0104-03 has the highest He II 4686 A˚
EW among our sample of disk-accretion systems.
Our spectrum has a flux level around 19 mag in
the V band, hence it is consistent with the mean
level of the CRTS light curve.
Our time series analysis of the CRTS data does
not reveal any period which could explain the low
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Table 2
Full Width at Half Maximum (FWHMa ) and Equivalent Width (EW) of He II 4686 A˚, Hβ
and Hα emission lines of the objects classified as polars and disk systems.
Object FWHM He II −EW He II FWHM Hβ −EW Hβ FWHM Hα −EW Hα He II/Hβ
(km s−1) (A˚) (km s−1) (A˚) (km s−1) (A˚)
CSS0104-03 490 6 580 59 450 63 0.32
MLS0227+13 630 47 700 66 600 76 1.01
CSS0326+25 · · · · · · pb p 2380: 47: · · ·
CSS0357+10 1040 22 1050 40 900 30 0.73
MLS0456+18 750 13 730 20 690 23 0.71
MLS0720+17 1040 19 940 32 850 65 0.79
1RXS0721-05 530 1 420 1 400 4 0.83
MLS0854+13 930 15 810 24 490 30 1.06
1RXS1002-19 1850 12 2090 11 1200 10 1.17
CSS1012-18 p p 1710 64 1250 78 · · ·
SSS1012-32 · · · · · · p p 1120: 53: · · ·
CSS1127-05 540 14 550 183 450 204 0.16
SSS1359-39 p p 1240 157 1030 197 · · ·
CSS1503-22 · · · · · · 490 16 490 44 · · ·
MLS1609-10 730 29 870 40 840 26 0.87
CSS1623+12 · · · · · · 2670 19 2370 28 · · ·
CSS1735+15 · · · · · · 1250 23 840 24 · · ·
1RXS1743-04 760 21 880 32 730 36 0.96
1RXS1929+20 p p 1000 14 1020 30 · · ·
SSS1944-42 950 16 890 65 770 65 0.46
SSS1956-60 600 48 700 80 570 59 0.91
USNO0825-18 (May 20) 630 22 660 22 630 42 0.97
USNO0825-18 (Jun 25) 580 27 690 26 640 38 1.23
SSS2042-60 · · · · · · 860 1 630 2 · · ·
MLS2043-19 p p 2070 87 1650 91 · · ·
MLS2054-19 p p 1700 84 1311 93 · · ·
CTCV2056-30 p p 2430 124 1850 160 · · ·
CSS2108-03 (May 20) p p 1720 51 1520 81 · · ·
CSS2108-03 (Jun 25) p p 1930 66 1690 92 · · ·
CSS2200+03 p p 2010 32 1320 43 · · ·
1RXS2223+07 p p 2010 90 1720 128 · · ·
SSS2242-66 (Sep 03) p p 2200 71 1890 125 · · ·
SSS2242-66 (Sep 04) p p 2300 56 1610 62 · · ·
CSS2319+33 p: p: 1360 144 1130 85 · · ·
aThe FWHM were measured from Voigt profile fiting.
bThe symbol p means that the line is present in the spectrum but its S/N is low and no measurements were possible.
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flux excursions as eclipses. The small widths of the
lines are also inconsistent with an eclipsing system.
So the system could be a near face-on dwarf nova.
However, this classification does not explain the
low flux measurements, the two-component emis-
sion lines, and the He II 4686 A˚ line behavior,
since its intensity was expected to be higher at
the spectrum from Szkody et al. (2014) taken at a
brighter state. The object has no X-ray counter-
part. If we suppose that its low optical brightness
is due to its distance, it is possible that its X-ray
luminosity is not high enough to allow the object
detection in X-ray surveys. This seems to be true
for MLS0227+13 (Silva et al. 2015). Therefore, a
magnetic classification is a reasonable possibility
taking into account the observations. Moreover,
if the brightest points correspond to eruptions, it
could be an IP system, possibly similar to GK Per
or EX Hya. Spectroscopic time series would be
useful to a definite classification of this system.
6.2.2. CSS0326+25 (CSS090922:032603+252534)
The light curve of this source, obtained by
CRTS, has a large amplitude of variation, from
18.5 to 20 mag. It might be originated by flips
between two brightness states. The average spec-
trum presents broad emission lines of Hα and Hβ.
Hα shows a profile with two peaks, while Hβ is
quite peculiar, with a strong central absorption at
the rest position of the line, in the center of the
broad emission. Also marginally detectable are
absorption lines of the Na I doublet at 5890 – 5896
A˚ and the diffuse interstellar band (DIB) at 6284
A˚. Our time series analysis does not reveal any re-
markable signal. This object has no evidence of
being a magnetic system.
6.2.3. CSS1012-18 (CSS120324:101217-182411
= SSS110203:101217-182411)
This CRTS source has been discovered by SSS
on 2011 February 3, receiving the ID SSS110203:101217-
182411 and was later detected by CSS, on 2012
March 24, when it was assigned as CSS120324:101217-
182411. The CRTS light curves varies between
18-20 mag with sporadic outbursts reaching 16-17
mag. Our spectrum displays a blue continuum
and broad He I and Balmer emission lines, Hβ
being more intense than Hα. He II 4686 A˚ is
present as well. The spectrum flux corresponds to
approximately 19.3 mag in the V band, consistent
with the quiescent flux level. Coppejans et al.
(2016) classify it as a dwarf nova with 3 de-
tected outbursts. Its spectrum resembles the spec-
trum of the IP candidate CTCV2056-30 (see sec-
tion 6.2.11) and short-period IPs like SDSS J2333
(Southworth et al. 2007; Szkody et al. 2005) and
HT Cam (Kemp et al. 2002), so we suggest that
it is a member of this class. The String-Length
spectrum of the CRTS data shows some structure,
but they do not translate into discernible features
in the folded diagrams.
6.2.4. SSS1012-32 (SSS110504:101240-325831)
This object is associated with the X-ray source
1RXS J101239.6-325839. The CRTS light curve
has short term (days) variability between 17.3 and
19.5 mag, but no periodicity was found. More-
over, the CRTS light curve does not present DN-
type eruptions. The spectrum has low S/N, but
Hα is clearly seen as a broad emission line while
Hβ is weak. The continuum is quite blue. De-
spite not showing spectral features characteris-
tic of magnetic systems, its ROSAT colors match
those sources. The spectrum shows modulations
that might be due to absorptions features of a red
stellar component, but we could not associate their
wavelengths to features usually found in CV sec-
ondaries. We do not classify this system as a mCV
because of the lack of spectral evidence.
6.2.5. SSS1359-39 (SSS110724:135915-391452)
SSS1359-39 was discovered by CRTS and its
light curve has a quiescent brightness level at 19
mag with a dispersion of 1 mag, and sporadic
outbursts at magnitudes 14 - 15. The periodic-
ities search had negative results. This source is
associated to the X-ray source 1RXS J135915.6-
391447. The exploratory spectrum shows fea-
tures related to an accretion disk, with intense and
broad Balmer emission lines (FWHM > 1000 km
s−1 – Table 2) along with He I, Fe I, Fe II and
He II 4686 A˚, and is very similar to the spectrum
of the IP candidate CTCV2056-30 (section 6.2.11),
so we classify it as a possible short-period IP.
6.2.6. CSS1623+12 (CSS080606:162322+121334)
Photometric monitoring from CRTS yields a
flat light curve at 17 mag with rapid and short
occasional decreases of 3 magnitudes. SDSS reg-
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isters this object as a blue point source with
u = 21.85, g = 21.88, r = 21.42, i = 21.38 and
z = 21.25. Drake et al. (2014) obtained a spec-
trum of this object in high-accretion state, with
broad Balmer absorptions on a blue continuum.
Our SOAR spectrum was obtained in a faint state
(V ≈ 20.2 mag) and shows the Balmer lines in
emission. These lines are broad with double peak
profiles, indicating a possible high orbital inclina-
tion. The system may be eclipsing, which would
explain the rapid and deep drops in the CRTS
light curve. The time series analysis of the CRTS
data does not reveal any clear periodicity, prob-
ably because most of the fainter points are up-
per limits and are not included in the photomet-
ric CRTS data. If the object is indeed eclips-
ing, our spectrum (exposure time of 2700 s) would
have been taken predominantly during the eclipse,
which should be relatively long. This source could
be alternatively interpreted as a VY Scl novalike
variable after its spectral and photometric behav-
ior.
6.2.7. CSS1735+15 (CSS110623:173517+154708)
The light curve obtained by CRTS is nearly
flat around 17 and 17.5 mag with one episodic
measurement at 14.3 mag and another at 18 mag.
Thorstensen & Skinner (2012) obtained one spec-
trum in September 2011 in which Hα is visible in
emission together with a K-star feature at 5168 A˚.
Kato et al. (2013) found two photometric periods
(0.05436 d and 0.05827 d) but the interpretation of
them is still not clear. The authors suggested they
could be related to superhumps. Spectral obser-
vations by Drake et al. (2014) reveal CSS1735+15
in eruption with a steep blue continuum and ab-
sorption features of Hγ and Hδ. The SOAR spec-
trum has the same flux level as the spectrum from
Thorstensen & Skinner (2012) and displays typi-
cal features of a K star and Na I absorption to-
gether with emission lines of H I and He I. Our
spectrum has not enough coverage to allow lumi-
nosity class determination, so we cannot discard
that the secondary is an evolved object. After the
submission of this manuscript, Thorstensen et al.
(2016) presented time-series spectroscopy and de-
termined an orbital period of 8.48 h and a dis-
tance of 1830± 330 pc from a K4±1 spectral type
secondary star. This large period challenges the
interpretation of the modulations as superhumps,
which occurs for systems below the period gap.
CSS1735+15 is unlikely an mCV.
6.2.8. 1RXS1929+20 (1RXS J192926.6+202038
= USNO-B1.0 1103-0421031)
This is another CV discovered by Denisenko & Sokolovsky
(2011) among X-ray sources in the ROSAT cata-
log . It was classified as a possible dwarf nova by
its X-ray hardness ratio. Our exploratory spec-
trum is reddened, with emission lines of H I, He I
and marginal evidence of He II 4686 A˚ , besides
two DIBs at 5780 and 6284 A˚. The feature at 5577
A˚ is associated to bad subtraction of the telluric
[O I] line. This CV has no evidence of being a
magnetic system.
6.2.9. MLS2043-19 (MLS100706:204358-194257)
MLS2043-19 was discovered as a transient opti-
cal source by CRTS. Its light curve has a quiescent
level at ∼ 19.5 mag and four registered outbursts,
reaching 15 mag. The CRTS data do not present
any evidence of eclipse or periodicity. The SOAR
spectrum, on the other hand, presents broad and
double-peaked Balmer and He I emission lines,
which suggest a high orbital inclination system,
besides weak He II 4686 A˚ or C III/N III emission
features over a blue continuum. It also reminds us
the spectrum of the IP candidate CTCV2056-30
presented in section 6.2.11, so we suggest it is a
short-period IP candidate.
6.2.10. MLS2054-19 (MLS101102:205408-194027
= CSS090829:205408-194027)
This object, discovered by CRTS, has a bimodal
light curve with a low-brightness state at 19.5 mag
with 1 mag variation and several outbursts reach-
ing 18–16 mag. Coppejans et al. (2014) found a
photometric period of 0.09598 d, suggesting it to
be associated to superhumps of a SU UMa type
CV, and estimated an orbital period of 0.0917 d.
Our exploratory spectrum shows double-peaked
Hβ emission more intense than Hα, besides He I
and He II 4686 A˚ (and possibly He II 4542 A˚),
being similar to the spectrum of the IP candidate
CTCV2056-30, which suggests possible magnetic
accretion. Interestingly, if the photometric period
was the orbital period, the object would be in the
period gap of non-magnetic CVs.
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6.2.11. CTCV2056-30 (CTCV J2056-3014 =
1RXS J205652.1-301433)
This object was discovered by Augusteijn et al.
(2010) during the Cala´n-Tololo Survey. Their
low-resolution spectra present Balmer and He I
emission lines over a blue continuum. The ra-
dial velocity curves provided a period of 1.76 h
assumed as the orbital period, while photomet-
ric monitoring yields an additional modulation
with P=15.4 min, leading to a highly probable IP
classification. Augusteijn et al. (2010) also report
some likely dwarf nova outbursts registered by
ASAS and the ROSAT X-ray detection as 1RXS
J205652.1-301433. Our spectrum shows Hβ as
intense as Hα and relatively intense He I and
weak He II 4686 A˚ lines. The continuum is flatter
and about 3 times less intense in the blue than
the spectrum from Augusteijn et al. (2010). The
spectrum is quite similar to that of short-period
IPs like SDSS J2333 (Southworth et al. 2007;
Szkody et al. 2005), HT Cam (Kemp et al. 2002)
and DWCnc (Patterson et al. 2004; Rodr´ıguez-Gil et al.
2004), among others. These objects present spec-
tra that are indistinguishable from quiescent dwarf
novae spectra and, therefore, show that a single
optical spectrum is not enough to confirm the IP
nature of a source. The definite IP classification
demands the detection of the white dwarf spin
period not synchronized with the orbital period.
6.2.12. CSS2108-03 (CSS110513:210846-035031)
This system was discovered by CRTS in May
2011, displaying a light curve with a quiescent
level at 18 mag and outbursts reaching 15 mag.
Coppejans et al. (2014) performed time-resolved
photometry in October 2011 and found eclipses,
deriving an orbital period of 0.15699 d. A period
of 0.1569268 d was determined independently by
Drake et al. (2014) from the photometric data in
the CRTS itself, in both quiescence and outburst.
We obtained two exploratory spectra of CSS2108-
03, in 2012 May 20 and 2012 June 25. The data
display characteristic features of a disk system.
Emission lines of H I and He I are broad and have
pronounced double peak profiles, consistent with
the high orbital inclination shown by the eclipses.
The continuum flux measured in June was steeper
to blue and five times larger than that obtained
in May. We do not classify this object as a mCV.
6.2.13. CSS2200+03 (CSS100624:220031+033431)
This object was discovered by CRTS and sug-
gested to be a polar type CV in the CRTS cir-
culars8. Its light curve presents a quiescent level
with long term (years) variability ranging from 18
to 19.5 mag and several outbursts reaching about
16.5 mag. de Bude` (2011) performed photometric
follow-up observations, which yield non-eclipsing
light curves (within a maximum time span of 3.6
h) dominated by flickering with less than 0.5 mag
amplitude.
Our exploratory spectrum displays broad Balmer
and He I emission lines with double peak profiles,
which are more conspicuous in the He I lines.
The presence of a disk, evidenced by the double
peak lines and corroborated by the outbursts, dis-
cards the polar classification. He II 4686 A˚ and
C III/N III are weak but present. The continuum
shows absorption features, which could be associ-
ated to a cool secondary. The spectral features are
somewhat similar to the spectrum of CTCV2056-
30. We classify it as a mCV candidate.
6.2.14. 1RXS2223+07 (1RXS J222335.6+074515
= USNO-B1.0 0977-0743560)
Also selected as a new CV from the ROSAT
catalog, 1RXS2223+07 presents a DN light curve
with outbursts 2 mag above the average 19.5 mag
quiescent level (Denisenko & Sokolovsky 2011).
Our spectrum presents broad Balmer and He I
emission lines, besides He II 4686 A˚, on a slightly
red continuum, consistent with a DN spectrum.
6.2.15. SSS2242-66 (SSS110720:224200-662512
= 1RXS J224150.4-662508)
This source presents a CRTS light curve vary-
ing between 16.5 and 18 mag with two outbursts
reaching 15-15.5 mag. Its position matches that
of the X-ray source 1RXS J224150.4-662508. Our
spectrum, obtained at OPD, shows emission lines
of Hα, Hβ, He I and He II 4686 A˚ over a con-
tinuum that is slightly steeper to the blue. The
spectrum is very similar to the spectrum of the IP
candidate CTCV2056-30 described above which,
as in this case, also presents outbursts and X-ray
8http://nesssi.cacr.caltech.edu/catalina/Circulars/
1006241041184114393.html
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detection. These similarities may indicate an IP
nature for SSS2242-66.
6.2.16. CSS2319+33 (CSS111021:231909+331540)
CSS2319+33 has a highly variable CRTS light
curve with short and long timescales, ranging from
16.5 to 19.5 mag, but it does not show any out-
burst. It matches a blue source at SDSS DR8, with
u = 17.45, g = 17.79, r = 17.68, i = 17.36 and
z = 17.02 and also matches the ROSAT source
1RXS J231909.9+331544. Despite being noisier,
the OPD spectrum is very similar to the spectrum
of SSS2242-66, which in turn resembles the spec-
trum of CTCV2056-30, so we consider it as an IP
candidate.
6.3. Systems with Disks in High Accretion
State
6.3.1. 1RXS0721-05 (1RXS J072103.3-055854
= USNO-B1.0 0840-0137592 )
Denisenko & Sokolovsky (2011) identified this
system as USNO-B1.0 0840-0137592, the optically
variable counterpart of an X-ray source in the
ROSAT catalog, and suggested a classification as
a dwarf nova. Their analysis of archive photo-
graphic plates shows that most of the time the
system is fainter than 17 mag in the B band, but
occasionally gets brighter, reaching 16.5 mag. Our
exploratory spectrum has a flux in the V band of∼
15.3 mag, brighter than in any previous detection,
corroborating a dwarf nova classification. Our
spectrum is typical of a dwarf nova in eruption,
showing narrow Balmer and He II 4686 A˚ emis-
sion lines superimposed on a very blue continuum.
During DN eruptions, broad absorption troughs
may develop at the base of very narrow Balmer
emission cores, mainly in the higher member of
the Balmer series – see Warner (1995) and the
case of SS Cyg by Hessman et al. (1984). These
features are also observed in 1RXS0721-05. Emis-
sion lines of He I, the interstellar absorptions lines
of Na I 5890 and 5896 A˚, and the diffuse interstel-
lar band (DIB) at 6284 A˚ are also present in our
spectrum. If we consider its ROSAT counts rate
(Boller et al. 2016) and the quiescent optical mag-
nitude, the object is located in the dwarf novae re-
gion in Figure 2 of Beuermann & Thomas (1993).
The ROSAT hardness ratios (HR1= 1.000± 0.360
and HR2= −0.108±0.276) are also consistent with
a dwarf nova classification (e.g., Hu¨mmerich et al.
2014).
6.3.2. SSS2042-60 (SSS110526:204247-604523)
SSS2042-60 has a CRTS light curve with two
distinct brightness levels at 18 and 19.5 mag, be-
ing observed most of the time at the higher state.
No eruption was recorded. Our SOAR spectrum
displays a very steep blue continuum with Hα
in emission and Hβ in broad absorption with a
weak central emission feature. He II 4686 A˚ is
marginally detected and Na I absorption is visible.
Our spectrum has a flux equivalent to V = 18 mag,
near the brightest state. We suggest the object is
a novalike system, possibly of VY Scl type due to
the fadings in its light curve.
6.4. Nova
6.4.1. XMM0630-60 (XMMSL1 J063045.9-603110)
This source was discovered by XMM-Newton in
2011 as a soft X-ray transient (2011 Dec 01) and
was suggested to be a Nova for its X-ray softness
(Read et al. 2011a). Observations with GROND
identified the optical counterpart with g’ = 18.4
mag and r’ = 19.5 mag, too faint for a recent
Galactic Nova (Kann et al. 2011). The optical
source has a blue SED, also atypical for a Nova,
with a hint of strong He II emission. Swift obser-
vations show a very soft X-ray spectrum with kT
= 48 eV, 12 times fainter than the XMM-Newton
flux obtained 19 days before (Read et al. 2011b).
XMM0630-60 was also selected as a blazar can-
didate, but this classification was not confirmed
(Cowperthwaite et al. 2013).
Our spectrum is compatible with a Nova in the
nebular phase and displays strong blended lines
of [O III] 4959 and 5007 A˚. Besides, broad and
near rest position emission lines of He II 4686 A˚,
Hβ and Hα are also present, with multiple narrow
components. Our spectrum corresponds to V ≈
21.8 mag.
6.5. Miscellaneous Objects
In this section we present objects initially con-
sidered as mCV candidates due to their CRTS
light curves, showing variability that could be
interpreted as, for example, distinct high/low
states. Many of these candidates have also been
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pre-classified as CV candidates by CRTS. The
exploratory spectra, however, have shown that
they are not CVs, but actually can be classified
as extragalactic objects – active galactic nuclei
(AGN) which usually share observational features
with CVs, like variability and color – or other
types of variable stars as RR Lyrae or low and
intermediate-mass pulsating red giants.
The first seven objects described below are clas-
sified as extragalactic sources because of the red-
shift of the lines identified in their spectra. Five
of them are dominated by broad Mg II 2798 A˚
lines characteristics of AGN. The remaining two
objects display both emission and absorption fea-
tures, with strengths typically observed in galax-
ies with on-going stellar formation. To the best of
our knowledge, we provided here the first classi-
fication and redshifts for these sources. The next
three objects are RR Lyrae stars and the last three
are Mira or semi-regular (SR) pulsating red giants
(Kholopov et al. 1985).
6.5.1. CSS0213+00 (CSS091215:021311+002153)
This CRTS object varies between 20.5 and 18.5
mag and was suggested to be a polar type CV or
an AGN9. The exploratory spectrum is compati-
ble with a Type I AGN at z=1.257 based on the
conspicuous broad emission line of Mg II 2798 A˚
and numerous blended UV Fe II multiplets.
6.5.2. CSS0315-01 (CSS071206:031525-014051)
CSS0315-01 shows a CRTS light curve slowly
varying between V=19 and V=20.5 mag. A broad
Mg II 2798 A˚ line and the UV Fe II multiplets in
the spectrum lead to a classification as a Type I
AGN at z=0.8513, further confirmed by the de-
tection of [Ne V] 3425 A˚. [O II] λλ3727, 3729 A˚
are also detected.
6.5.3. CSS1240-15 (CSS071218:124027-150558)
This CRTS transient is highly variable in the
range from 18.5 to 21 mag. The spectrum presents
narrow emission lines of [O II] 3726/3728 A˚, Hγ,
Hβ and [O III] 4959/5007 A˚ at a redshift z =
0.272, besides absorption lines of Ca II H and K.
An upper limit to the flux ratio [O III]/Hβ is 0.39
9http://nesssi.cacr.caltech.edu/catalina/Circulars/
912151010124106434.html
, which classifies CSS1240-15 as a H II galaxy
(Kewley et al. 2006), corroborated by the ratio
[O II]/[O III] = 5.4±0.6 (Baldwin et al. 1981).
The large amplitude variability of this source, on
the other hand, leads to a distinct classification
as an AGN caught at a minimum state, with the
central source completely hidden from direct view
, or as a low excitation radio AGN (LERAG,
Padovani et al. 2015). Follow-up spectroscopy is
necessary to unveil the real nature of this object.
6.5.4. MLS1251-02 (MLS110329:125118-020208)
This source is highly variable in CRTS light
curve, ranging from 16 to 22 mag in timescales of
months. The exploratory spectrum corresponds
to an AGN at z=1.1887, determined from a emis-
sion line at 6120 A˚, which we identify as Mg II
2798 A˚. Absorption doublets are clearly visible at
5700 A˚ and 5010 A˚. These are Mg II 2796,2803 A˚
absorption-line systems from two distinct inter-
vening gaseous clouds in the line of sight of the
AGN, at redshifts of z1 = 1.037 and z2 = 0.791,
respectively. Absorption features like the dou-
blet of Fe II 2586,2600 A˚, visible at 4640 A˚, and
the Mg I 2852 A˚ line, visible at 5108 A˚, are also
present and are associated to the gaseous structure
at z2 = 0.791. The strong variability of MLS1251-
02 suggests that it is an optically violently variable
(OVV) quasar.
6.5.5. MLS1402-09 (MLS110301:140203-090329)
The CRTS light curve of MLS1402-09 displays
a low brightness level at 20.5 average magnitude
and a high level at 19.5− 20 mag. The spectrum
shows a prominent narrow emission line at 5493
A˚, which we identify as [O II] 3726/3728 A˚ and
from which we derived z = 0.4736, and absorp-
tion lines of Ca II H and K. In the NVSS catalog
there is a radio source (NVSS J140203-090747) off-
set by 4.307′ from MLS1402-09 with a measured
flux of 3.2±0.6 mJy at 1.4 GHz. This flux level
classifies it as a low-emission radio AGN (LERAG,
Padovani et al. 2015).
6.5.6. MLS1404-15 (MLS100617:140447-152226)
MLS1404-15 was suggested to be a CV by
CRTS from its blue DSS color and high variabil-
ity. The CRTS light curve has a low state at 19.5
average magnitude, changing to a high state at av-
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erage 18.5 mag from 2009 on. A prominent broad
feature centered at 5321 A˚, that we associated to
Mg II 2798 A˚ at z = 0.9017, dominates the spec-
trum. We also identified the UV Fe II multiplets
at both sides of Mg II 2798, typical of Type I
AGNs. The presence of high-ionization lines of
[Ne V] 3347,3427 A˚ and the permitted O III line
at 3134 A˚ give additional support that MLS1404-
15 is indeed an AGN.
6.5.7. MLS2230-04 (MLS100906:223034-042347)
Classified as a possible variable star by CRTS,
MLS2230-04 has a bimodal light curve with a low
state at 20 mag and a high state at 19.3 mag. The
SOAR spectrum is dominated by a broad Mg II
2798 A˚ emission line and hints of UV Fe II multi-
ples at both sides of Mg II, classifying this source
as a Type I AGN at z=0.968.
6.5.8. The RR Lyrae Stars MLS1519-13, MLS2044-
16 and MLS2132-15
MLS1519-13, MLS2044-16 and MLS2132-15
were selected for their CRTS light curve variabil-
ity. The identification spectra are consistent with
A or F spectral type, with narrow Balmer absorp-
tion lines over a blue continuum. The time-series
analysis of the CRTS photometric data yielded
periods of 0.521 d for MLS1519-13, 0.535 d for
MLS2044-16 and 0.486 d for MLS2132-15. The
CRTS light curves of these RR Lyrae stars, folded
on the respective periods, are shown in Figure 5.
6.5.9. The Pulsating Red Giants Stars SSS1448-
40, SSS1639-23 and SSS1940-63
SSS1448-40, SSS1639-23 and SSS1940-63 were
also selected from the CRTS variability. The ex-
ploratory and fitted reference spectra for spectral
type estimation are presented in Figure 6. The
DFT and Lomb-Scargle period search methods ap-
plied to the CRTS data yielded a period of 87± 1
d for SSS1448-40 and 307 ± 16 d for SSS1639-23,
but no coherent period was obtained for SSS1940-
63 (Figure 7).
7. SUMMARY AND DISCUSSION
We report on an exploratory spectroscopy sur-
vey of magnetic CVs based on objects selected
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Fig. 4.— OPD (upper panel) and CRTS (lower
panel) light curves of MLS1609-10, both folded
with the period of 0.075439 d.
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Fig. 5.— CRTS photometric data of MLS1519-
13 (top), MLS2044-16 (middle) and MLS2132-15
(bottom) folded with the periods described in the
text.
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mainly from the CRTS photometric transient sur-
vey but also from the literature. The main pur-
pose of this work is to improve the statistics of the
mCV class. From an initial sample of 45 objects,
we found 32 sources which we classified as CVs
based on the aspect of the exploratory spectra.
This group is composed of 13 polar candidates, 9
IP candidates, 7 DNs in quiescence, 2 objects in
high-accretion state and 1 nova. In addition to
CVs, we have also found RR Lyrae stars, variable
red giants and extragalactic objects. These results
are summarized below.
From the group of 13 polar candidates, 5 are
new classifications (MLS0456+18, MLS0720+17,
MLS0854+13, CSS1127-05 and MLS1609-10) and
other 6 are already suggested polars for which we
provide the first spectrum and confirm the classifi-
cation. The remaining 2 polar candidates present
notable spectral variability relative to published
spectra. In the Ritter & Kolb (2003) catalog (up-
date RKcat7.23, 2015), there are 119 confirmed
and 30 uncertain polars. Six objects of our sam-
ple are not included in RKcat7.23. Only 6 ob-
jects (out of 13 polar candidates) are known high-
energy sources, which shows that the X-rays de-
tection is not a sine qua non criterion for the clas-
sification as a polar (or as a magnetic CV, see also
Margon et al. (2014)). This is particularly true
for faint/distant objects, which could be missed
by soft X-rays surveys - see, for instance, the dis-
cussion of MLS0227+13 presented in Silva et al.
(2015). Ten objects obey the two Silber’s criteria
for mCV classification (Silber 1992), hence Silber’s
criteria seems to be adequate to define polars. The
three remaining objects are peculiar in some way:
1RXS1002-19, which has emission lines too broad
for a polar; CSS1127-05, which has the largest Hβ
EW of our CV sample; and CSS1503-22, which
presents absorption features in the Hβ region pre-
venting a proper quantification of line indicators.
We present the first estimates for the orbital peri-
ods of MLS0456+18 (P = 2.36 h) and MLS1609-10
(P = 1.85 h).
We classify 16 objects as probable CV with
quiescent disks, including 1 confirmed IP and 8
possible IPs. CTCV2056-30 is a strong IP candi-
date due to its photometric variability modulated
by the white dwarf rotation (Augusteijn et al.
2010). Most of the IP candidates present the
He II 4686 A˚ line, although in low intensity.
CSS0104-03, however, has this line strong enough
to have its EW measured and, even in this case,
its EW is smaller than 40% of Hβ EW, there-
fore too weak to obey the Silber’s criteria for
a mCV. Even so, we classify it as a probable
IP because its He II 4686 A˚ line is stronger in
quiescence compared to the brighter state, con-
trary to what is expected from non-magnetic
CVs. The 7 remaining new IP candidates (namely
CSS1012-18, SSS1359-39, MLS2043-19, MLS2054-
19, CSS2200+03, SSS2242-66 and CSS2319+33)
were classified as such by spectral similarity to
CTCV2056-30. All our nine IP candidates have
He II 4686 A˚ in the spectra – but none obeys Sil-
ber’s criteria – 4 of them have X-ray counterparts
and 8 have shown outbursts.
The spectrum of CTCV2056-30, whose orbital
period is around 1.75 h, is very similar to the spec-
trum of several short-period IPs, like SDSS J2333,
HT Cam and DW Cnc. Could our IP candidates
spectrally similar to CTCV2056-30 have short pe-
riods? While most of the polars have orbital pe-
riods below 4 h, few IPs have periods below the
2–3 h period gap. The Ritter & Kolb (2003) cata-
log registers 68 confirmed IPs and only 9 of those
have orbital periods below the gap. This was in-
terpreted as an evolution of long-period/high-B
IPs to short period polars, whereas those with
lower magnetic fields remain as IPs (Norton et al.
2004). This kind of conclusion demands a sam-
ple of short period IPs as complete as possible.
Follow-up studies of these candidates are essential,
and may confirm their nature and help to build an
homogeneous sample of IPs, which can be used to
investigate the issue of mCV evolution.
Ten remaining objects from our sample are
CVs as well. Seven are DNs with quiescent disks
and two have disks in high state of accretion:
the known dwarf nova 1RXS0721-05, which we
caught in eruption, and the newly discovered CV
SSS2042-60, which we classify as a novalike vari-
able, possibly of VY Scl type. We also confirmed
that the transient high-energy source XMM0630-
60 is a nova, which we observed in the nebular
phase.
Previous similar works (e.g., Drake et al. 2014;
Szkody et al. 2011, 2014; Thorstensen & Skinner
2012; Thorstensen et al. 2016) targeted on the dis-
covery of CVs from variability or color-based se-
lected samples, have indirectly shown that the
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identification of a mCV is not a trivial task. Usu-
ally, no isolated observational technique is enough
to confirm the classification as a mCV, specially in
the case of IPs. The usual criteria include X-ray
detection, the relative intensity of the He II 4686 A˚
emission line and polarized optical/IR emission.
But none of these criteria is essential to the mCV
classification, while some are not exclusive of the
mCV class. A mCV may not be detected as an X-
ray source and, on the other hand, many DNs are
X-ray emitters. The high-ionization line of He II
4686 A˚ is present, for instance, in non-magnetic
CVs like post-novae, novalike systems and close
binary supersoft X-ray sources (CBSS, Kahabka
2006; Oliveira & Steiner 2004) and, with lower in-
tensity, in DNs as well. Also, few IPs have po-
larized emission. However, variability-based selec-
tion followed by spectroscopic snapshot observa-
tions of the selected targets may be a first step
for the discovery of mCVs, being a relatively inex-
pensive strategy in terms of telescope time. More
than 70% of our sample are CVs and almost 50%
of the sample was classified as mCVs. If the clas-
sifications from this work are confirmed, it would
represent an increase of about 4% in the number
of known polars and 12% in the number of known
IPs. The confirmation of the classifications and
the detailed nature of the CVs will be determined
by time-resolved spectroscopic, photometric and
polarimetric follow-up observations in the future.
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Fig. 6.— Spectra of SSS1448-40 (top), SSS1639-
23 (middle) and SSS1940-63 (bottom). The black
lines are our spectra and the red and blue lines are
the fitted reference spectra used for the spectral
type estimation, from the Bruzual-Persson-Gunn-
Stryker Atlas (Gunn & Stryker 1983).
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Fig. 7.— CRTS photometric light curves of
SSS1448-40 (top) and SSS1639-23 (bottom) folded
with periods of 87 d and 307 d, respectively - see
text.
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